The relation between oxygen consumption rate and larval growth rate in Drosophila melanogaster at different temperatures and food levels was analyzed to investigate whether different larval growth rates and adult body sizes are the consequences of different costs of growth.
INTRODUCTION
In Drosophila, temperature influences larval growth rate and adult body size in two ways, developmentally and evolutionarily, as in many ectotherms (ATKINSON, 1994) . Neither the developmental nor the evolutionary response of body size to temperature is understood in adaptive terms (PARTRIDGE & FRENCH, 1996) . A suggestion is that evolution at lower temperatures leads to higher growth efficiency (NEAT et al., 1995) . Growth efficiency might be caused by, or reflected in, metabolism. The question here is how metabolism, measured as oxygen consumption, at any temperature relates to larval growth rate.
'
Developmentally, higher ambient rearing temperature leads to a decrease in body size for flies of the same population or the same genotype (DAVID et al., 1983; COYNE & BEECHAM, 1987; NOACH et al., 1996) . With increasing temperature, the decrease in body size is accompanied by faster larval development (DAVID et al., 1983) .
Evolutionarily, higher temperature selects for smaller body size and lower temperature selects for larger body size. This has repeatedly been observed in laboratory populations of identical origin kept for a number of years at different temperatures (CAVICCHI et al., 1985; PARTRIDGE et al., 1994) . The decrease in body size with increasing temperature is accompanied by slower larval development (JAMES & PARTRIDGE, 1995) , and slower larval growth rate (PARTRIDGE et al., 1994) . A reduction of size in lines selected at high temperature was accompanied by a reduction of growth rate. The reduction in growth rate was maintained at the lower temperature (PARTRIDGE et al., 1994) . This result indicates a selective advantage of slower growth at high temperatures.
Moreover, clines in body size have been observed on several continents, with larger body size at higher latitudes, presumably corresponding to lower average temperatures (DAVID et al., 1983; COYNE & BEECHAM, 1987; JAMES & PARTRIDGE, 1995) . No data are available on the variation in growth rate between natural populations of Drosophila. JAMES et al. (1995) observed geographic variation in development rate; populations from higher latitudes and colder average temperature showed a higher development rate. Natural populations and populations adapted to high and low temperature in the laboratory show therefore the same combination of traits.
The developmental effect of temperature and the evolutionary effect of temperature are partly opposite: in both cases, high temperature implies a relatively small adult body size, i.e., the pattern is one of co-gradient selection (CONOVER & SCHULTZ, 1995) . However, the developmental effect on growth rate is opposite to the evolutionary effect on growth rate: the pattern is one of counter-gradient selection (CONOVER & SCHULTZ, 1995) . Growth rate seems to have evolved to be slower at higher temperatures. This puzzling contradiction in the consequences of higher temperature has no present explanation. One way to approach the problem is to investigate the mechanism of growth. To understand how evolutionary and environmental differences in growth rate are generated, we determine the major energetic processes involved in larval growth and their sensitivity to the environmental conditions. The first approach involves examining the costs of growth at several temperatures for isofemale lines taken from a population
